The hydrolytic alteration of anorthosite from the Barro Alto Stratiform Mafic-Ultramafic Complex (Central Brazil) caused the formation of an isalteritic bauxite. Petrological studies using X-ray diffraction (XRD), X-ray fluorescence (XRF), mass balance calculation and micromorphological description via optical microscopy were undertaken to understand the evolution of the bauxitic massif. The results suggest the transformation of the isalteritic bauxite (F1) into varied alteration facies and their filiations as follows: the formation of semi-compact massive bauxite (F2) and compact massive bauxite (F3) by the recrystallisation of gibbsite filing voids, resulting in enriched absolute aluminium (9 and 25%, respectively); the formation of laminar bauxite (F4) and fragmentary bauxite (F5), which is associated with different types of fragmented massive duricrust, such as those formed by mechanical (root activity, tectonics, etc.) and geochemical (dissolution of gibbsite, kaolinite neoformation, etc.) processes; the formation of palaeopediment bauxite (F6); the formation of degraded clay with gibbsitic nodules (F7), which is associated with the resilicification process by the oscillation of the water table caused by changes in the shapes of slopes and the cycling of silica by vegetation. Isalteritic clay (F8) facies directly derived from the anorthosite are also found. The relationship between the facies reflects the polygenetic evolution of the bauxitic massif.
Introduction
The bauxite deposit of Barro Alto constitutes a reserve of nearly 160 million tons (Reis, 2007; Veiga and Girodo, 2008) and is located in the midwestern region of Goias, Brazil (Fig. 1A) . The deposit developed from the anorthosites of the Superior Series of the Barro Alto Stratiform Mafic-Ultramafic Complex (CBA) in the Neoproterozoic Brasília Belt in Tocantins Province (Almeida et al., 1981) . This bauxitisation process from anorthosite has been recently described by Oliveira et al. (2009 Oliveira et al. ( , 2011 . Before these studies, the only known occurrence of bauxite originating from anorthosite in the world was in Port Loko, Sierra Leone (Hains, 2005) . However, the bauxitisation process from this deposit has not yet been described. In Brazil, a country with the largest reserves of bauxite in the world, there was no knowledge of another deposit in the central region of the country (Melfi, 1997) .
The macro-morphological distribution and geomorphological evolution of the Barro Alto bauxite (Oliveira et al., 2009 ) and its petrological study (Oliveira et al., 2011) revealed different facies. The main goal of this study is the investigation of the mineralogical, micromorphological and geochemical evolution of the Barro Alto bauxite deposit. The results obtained from this study are important from both scientific and economic perspectives; scientifically, there are no studies that characterise the evolution of bauxite deposits originating from anorthosites, and economically, the Barro Alto bauxite would alter the Brazilian mineral economy, providing Brazil's midwest with a great potential source for the production of aluminium ore.
Materials and methods

Study area
The Barro Alto bauxite massif's regional geomorphology is composed of three sets of ranges: the Santa Barbara, the Laguna and the Grande (Fig. 1B) . The bauxite massif is located in the Grande range and is compartmentalised into two hills, Torre and Buraco (Fig. 1C) , which have altitudes of 1500 m and 1300 m, respectively. Such altitudes are higher compared with the altitude of the surrounding morphology, which varies between 550 m and 900 m.
The climate in the Barro Alto region is tropical, with an average annual rainfall of 1600 mm and a mean air temperature of 25°C and two defined seasons (dry winter and humid summer). The vegetation (Correia et al., 2007; Pimentel et al., 2004) highlighting the Barro Alto Stratiform Mafic-Ultramafic Complex (CBA). B: The digital elevation model of the CBA generated from the SRTM data showing three sets of ranges, the Santa Barbara, the Laguna and the Grande, as well as the bauxitic massif of Barro Alto. C: Image from Google Earth (with 2× vertical zoom) showing the Torre and Buraco Hills.
consists of cerrado fields (Brasil et al., 1981) , which are preserved at elevations above 1000 m. Agricultural activity is intense in the lowlands.
Sampling and laboratory analysis
Based on previous fieldwork, which defined the bauxite macromorphological facies and their lateral distributions (Oliveira et al., 2009) , 98 samples of alteration facies and 8 samples of fresh rock were collected for this study. The samples were collected from cores drilled through the regolith and open pits in three topos sequences.
The description of profiles, including the identification of alteration facies, was performed using the same terms used in the reference studies (Boulangé, 1984; Nahon, 1991; Tardy, 1993) . The description of the samples was based on macromorphological aspects, such as colour (Munsell, 1975) , texture and minerals, and was performed with a magnifying lens (20× magnification).
The major and minor element concentrations of silicon (Si), sodium (Na), potassium (K), manganese (Mn), magnesium (Mg), calcium (Ca), iron (Fe), aluminium (Al), titanium (Ti) and phosphorus (P) were determined using X-ray fluorescence (XRF) (Magix PANalytical Philips spectrometer equipped with a PW2540 autosampler), and the oxide contents were reported (in wt.%).
The mineralogical compositions of the powder samples were obtained by X-ray diffraction (XRD) using an X'Pert PANalytical diffractometer with CuKα radiation in the range of 2°to 70°2θ and at a speed of 0.6°/min. The XRD patterns were interpreted using HighScore X'Pert Plus software and compared with known patterns found in the literature (Brindley and Brown, 1980) .
Optical microscopic investigations were conducted on 155 thin sections of undisturbed samples using a Zeiss trinocular optical microscope (Axiophot model) equipped with an integrated digital camera. The guidelines of Bullock et al. (1985) and Delvigne (1998) were used for the micromorphological descriptions.
For the morphological characterisation of the kaolinite particles, specimens were prepared via dispersed sampling for analytical transmission electron microscopy (ATEM -Tecnai -G2-20-FEI 2006). A highly diluted suspension of the clay particles b 2-μm in size from the clay facies was prepared in distilled water, and the clay particles were dispersed using an ultrasonic treatment. A drop of the suspension was deposited onto a carbon-coated grid and dried at room temperature.
Bulk density analysis was performed on representative samples of five facies (F1, F2, F3, F8 and F9) and fresh rock (R), with 25 repetitions for each, according to the method proposed by Millot and Bonifas (1955) .
Cartographic analysis was performed by exploring a digital elevation model (DEM) obtained from the Shuttle Radar Topography Mission (SRTM) using the ArcGis 9.3 software program (ESRI). We also used illustrative images from Google Earth.
Statistical analysis
For elemental chemical analysis, we calculated the average total number of samples from each facies and their standard deviation (expressed with the ± symbol).
To verify the gains and losses in geochemical mass between the facies, we applied an isovolumetric calculation (Millot and Bonifas, 1955) using the following equation:
where k j is the enrichment factor or loss of an element, C j,w is the concentration of element j in the alteration facies w, C j,p is the concentration of element j in the parent material p, d j,w is the bulk density of the alteration facies and d j,p is the bulk density of the parent material. In the results, negative values indicate the loss of an element and positive values indicate the gain of an element (Millot and Bonifas, 1955) .
Results
Macromorphology, mineralogy, micromorphology and geochemistry of the facies
From field investigations (Oliveira et al., 2009 ) and mineralogical, geochemical and micromorphological studies, nine facies of alteration were defined in the bauxitic massif of Barro Alto (Fig. 2) . 
Fresh rock (R -anorthosite)
Macroscopic characterisation of the anorthosite (Oliveira et al., 2011 ) shows a holocrystalline, inequigranular and medium-to coarse-grained texture. The colour of the anorthosite varies from grey to light pink, and its structure is composed of alternating light and dark bands with diffuse inter-band contact (Fig. 3A) . Microscopically, the light bands ( Fig. 3B ) are primarily composed of bytownite (95%). The dark bands (Fig. 3B ) are composed mainly of garnet (30%), amphibole (25%), clino and orthopyroxene (20%), bytownite (20%) and accessory and secondary minerals (b 5%). The accessory minerals are spinel and titanites, and the secondary mineral is zeolite. The paragenesis of the mafic mineral assemblage indicates a high degree of metamorphism (granulite facies). The anorthosite exhibits a granoblastic polygonised texture and deformation features, such as twinned, minted, undulatory extinction and subgrains and fractures. The mean bulk density is 2.68 g/cm 3 ( Table 2 ).
Porous massive bauxite facies (F1)
The F1 facies is isalteritic, directly contacts the anorthosite ( Fig. 2 ) and is whitish with reddish to yellowish bands that formed from the alteromorphosis of the dark bands of the fresh rock (Fig. 4A) . The mineralogical composition (Fig. 6 ) exhibits a predominance of gibbsite (from 90 to 95%) and a minor content (5 to 10%) of goethite that is concentrated in the reddish to yellowish bands. The mean bulk density is 1.48 g/cm 3 (Table 2) .
Microscopically, high porosity is evident in F1. The voids exhibit dimensions ranging from micrometres to centimetres and shapes ranging from rectangular to quadratic (Fig. 4B ). The voids were derived from the total consumption of primary minerals. The structure is characterised by a crystalliplasma consisting of a network of gibbsite and goethite boxworks, similar to that presented by Nahon (1991) and Delvigne (1998) , generating an isalteritic structure. The goethite septas forming the boxworks are separated by voids (Fig. 4C) . The contact between the gibbsite and goethite boxworks is abrupt, with little or no iron dispersed in the matrix. This characteristic indicates that the gibbsite was formed first, then the goethite, which explains the light colour of this facies.
The chemical composition of the porous massive bauxite facies (Table 1) reflects the facies' mineralogical composition, exhibiting a high Al 2 O 3 content (61.20% on average) and low concentrations of Fe 2 O 3 and SiO 2 (3.13% and 0.77%, respectively). The results of mass balance analysis indicate the loss of silica and alkalis (Table 2 ). There were no modifications in the Al, Fe or Ti content, indicating a relative accumulation of these elements (Boulangé et al., 1987 .
Semi-compact massive bauxite facies (F2)
Located over F1 (Fig. 2 ), F2 is whitish to slightly pink. Macroscopically, F2 shows many voids that are filled with microscopic and translucent gibbsite (Fig. 4D ). The mean bulk density of F2 is 1.63 g/cm 3 ( Table 2 ).
The micromorphological observations corroborate F2's macromorphological characteristics. Gibbsite is the predominant mineral (92 to 96%), and it occurs as macro-crystals in septas and as microcrystals filling the voids (Figs. 6 and 4E). In the former case, the gibbsite crystals are organised from the edges towards the centres of the voids. Goethite (4 to 8%) occurs in boxworks. Some boxworks exhibited destruction features, such as the dispersion of Fe or the formation of reddishbrown patches over gibbsite crystals. Gibbsite crystals partially fill the goethite boxworks (Fig. 4F ). Microstructures caused by compaction via collapse, such as fractures and breaks, were not observed. Only crystalline features filled the pores, as observed by Boulangé and Colin (1994) .
The F2 facies shows a high content of Al 2 O 3 and a low content of Fe 2 O 3 , TiO 2 and SiO 2 ( Table 1 ). The F2 mass balance related to F1 demonstrates enrichment in Al, Ti, P and Fe and continuous desilicification and alkali loss ( Table 2) .
The mineralogical and morphological similarities between F1 and F2 suggest a common formation mechanism, in which the voids of F1 were filled by aluminium solutions derived from the upper profile, forming F2. This arrangement supports verticalist concepts, where the development of products geochemically enriched by absolute accumulation occurs as a result of the remobilisation of elements from the top positions of the profile (Larizzatti and Oliveira, 2005; Nahon, 1986 Nahon, , 1991 Tardy, 1993) .
Compact massive bauxite facies (F3)
This facies is compact, pinkish ( Fig. 4G) and is situated over F2 in the profiles (Fig. 2) . The predominant mineralogy is composed of gibbsite (92 to 100%, Fig. 6 ) and the mean bulk density is 1.87 g/cm 3 (Table 2) . Table 2 Mass balance of the alteration facies of bauxite from the Barro Alto according to Millot and Bonifas, 1955 . The calculation of mass balance for the F1 and F8 was made in relation to the mean value of the rock -R (anorthosite) and the F2, F3 and F7 facies in relation to the mean value of the porous bauxite (F1). T -top of the profile; B -bottom of the profile. Micromorphologically, F3 has few voids with irregular shapes and without connectivity (Fig. 4H) , and it is almost completely filled with gibbsite. Goethite boxworks are scarce, never constituting more than 8% of the mineralogical composition, and are completely filled with gibbsite when they occur (Fig. 4I) (Table 1 ). Its mass balance shows an enrichment in Al, Ti and Fe and a loss of Si and alkalis (Table 2) .
These results suggest that F3 is the result of the continuation of the process that filled the pores of F2 with gibbsite, causing an absolute enrichment in aluminium and other residual elements such as iron and titanium.
Laminar bauxite facies (F4)
F4 occurs in the steep slopes of the massif (Fig. 2) and constitutes a fragmented horizon formed of pink plates of bauxite, where the dip direction is concordant with the slope. The plates have shaped waveforms and their thicknesses vary from mm to cm. The plates are separated by a reddish material (Fig. 5A ). The plates (Fig. 6 ) are predominantly composed of gibbsite (90%) and goethite (10%). However, mineralogically, the reddish material (Fig. 6 ) differs from the plates because of the presence of kaolinite (47.5 to 49%) and traces of anatase (b 1%), in addition to gibbsite (38 to 42%) and goethite (11 to 13.5%).
The bauxite plates ( Fig. 5B and C) are composed of a gibbsite crystalliplasma involving goethite boxworks. The reddish material between the plates presents a gloss matte and a speckled b-fabric without pedofeatures (Bullock et al., 1985) . The micromorphological, mineralogical and geochemical attributes of F4 show similarities to those of F1, F2 and F3, indicating that F4 is derived from the previous facies (the compact massive bauxite facies). The position of F4 in the profile and in the landscape suggests that the fragmentation of bauxite is associated with the steepness of the slopes because laminar bauxite occurs only on steep slopes, and there are no signs that suggest that the plates have been moving. In this case, the movement of water along the slope led to the preferential remobilisation of iron along steep areas. When there is a loss of iron, the duricrust loses cohesiveness and is easily fragmented (Hieronymus et al., 1999) .
Fragmentary bauxite facies (F5)
F5 occurs throughout the massive surface at the top of the profiles (Fig. 2) . The fragments are angular to sub-round and pinkish, sized between 0.1 and 10 cm, without an alteration cortex and surrounded by a pedogenetic brownish (5YR5/6) material (Fig. 5D ). The number of fragments in the profiles decreases from top to the bottom, and the size of the fragments increases towards the bottom. Gibbsite is the predominant mineral (90 to 95%) (Fig. 6) , and traces of kaolinite were identified (b 3%). The pedogenetic material surrounding the fragments is formed by gibbsite (22 to 35%), kaolinite (55 to 70%), goethite (6-8%) and anatase (b1%) (Fig. 6) .
Microscopically, the fragments are also angular to sub-round and are composed of various types of massive bauxite (such as semi-compact, compact and laminar) from the underlying facies ( Fig. 5E and F) . These fragments are dispersed in the fine material. F5 does not show a grade of pedality (Bullock et al., 1985) . The groundmass is composed of yellowish-brown fine material with a speckled b-fabric. No skeleton grains were observed in the coarse material of the groundmass. There are simple packing void systems and crystalliplasma in some bauxite fragments.
The bauxite fragments have a high content of Al 2 O 3 (61.71%) and a low content of SiO 2 , TiO 2 and Fe 2 O 3 (1.06, 0.17 and 2.86%, respectively). In comparison, the pedogenetic material has a higher content of SiO 2 , Fe 2 O 3 and TiO 2 (28.24, 0.85 and 5.69%, respectively) and a lower content of Al 2 O 3 (44%) ( Table 1) .
The results suggest that the genesis of F5 is related to the fragmentation of the underlying massive bauxite facies (e.g., semi-compact, compact and laminar). This fragmentation may be related to the existence of fractures due to the influence of tectonics and physical weathering caused by roots that promote the preferential movement of water, as shown by many studies (Beauvais, 2009; Eggleton and Taylor, 2008; Hao et al., 2010; Laskou and Economou-Eliopoulos, 2007; Nahon, 1991; Schwars, 1996; Tardy, 1993; Thomas, 1994) . Initially, cavities and holes were formed, isolating the boulders, which became fragmented into smaller, angular pieces due to mechanical breakdown. These fragments were geochemically degraded and will become rounded, to constitute typical nodules (Bullock et al., 1985) , until they are completely digested by pedogenetic processes and transformed into soils. Beauvais (2009) identified a facies similar to F5 in Central Africa that was associated with the degradation of a ferricrete and called the facies a ferricrete disaggregation horizon (ferricrete relicts+nodules+matrix).
Bauxite palaeopediment facies (F6)
F6 occurs at Buraco Hill under the pediment deposit (Fig. 2) and is formed by blocks and boulders surrounded by a pinkish clayey matrix. The contact between the fragments and matrix is diffuse, with clayey material within the boulders. The blocks and boulders include fragments of different types of bauxite (F1-F4 facies) connected by gibbsitic cement. Macroscopically, it is possible to detect fragments of the porous, compact and laminar pinkish bauxite facies in addition to the ferruginous zones (Fig. 7A) . The mineralogical composition of this facies (Fig. 6) demonstrates the presence of gibbsite (90 to 94%), kaolinite (b 6%), goethite (3-4%) and anatase (b 1%).
Micromorphological analysis reveals the presence of cores with various bauxitic microstructures that are similar to those of F1, F2 and F3. These cores are surrounded by microcrystalline gibbsite, with an abrupt contact between them. Fragmented plagioclase crystals occur locally and are involved in the same gibbsitic cementation (Fig. 7B) .
Chemical analysis reveals that the percentage of SiO 2 is slightly higher than that recorded for the massive bauxite facies (5.55%) and that the TiO 2 content and Fe 2 O 3 content are slightly lower (Table 1) .
The mineralogical, geochemical and morphological attributes of F6 and its position in the landscape suggest that it was formed from an ancient pediment that was cemented by a microcrystalline gibbsite forming the bauxite palaeopediment facies.
Degradation clay with gibbsitic nodule facies (F7)
F7 can be found in the concave areas of the massif, especially in the foothills of the slopes (Fig. 2) . It is pinkish, sometimes with whitish parts, at the top (Fig. 8A) and whitish with pink areas and residual dots at the bottom (Fig. 8D) . Fragments of bauxite and gibbsite crystals are frequent and well preserved at the top and gradually decrease in size and quantity towards the bottom, where they also become friable and crumbly. These fragments and crystals are disseminated in a clay matrix that becomes dominant towards the base. At the top, the mineralogical composition (Fig. 6 ) is predominantly gibbsite (70 to 89%) and secondarily has a variable content of kaolinite (6 to 28%), goethite (1 to 5%) and anatase (1 to 2%). The gibbsite content gradually decreases towards the base (0 to 6%), while the kaolinite content increases until it becomes the predominant mineral (>80%) (Fig. 6) . The goethite usually occurs at concentrations of up to 4% and the anatase distribution ranges between 1 and 2%. The mean bulk density is 1.18 g/cm 3 and 1.26 g/cm 3 at the top and base, respectively (Table 2) . Micromorphologically, F7 consists of brownish (top; Fig. 8B ) to greybrown (base; Fig. 8E ) kaolinitic fine material with speckled b-fabric. Scattered reddish areas can be observed, indicating an Fe distribution that is the result of the degradation of goethitic boxworks. The pores are also scarce and isolated and exhibit vugh-type morphology. The pedological features are represented by gibbsitic nodules as digitate and disjointed morphological types (Bullock et al., 1985) in close association with the kaolinitic fine material (Fig. 8C ). They are rare at the bottom, and when they occur, they are represented by small corroded gibbsite crystals embedded in the kaolinitic fine material (Fig. 8F) without any relation to cracks, voids and fractures that could indicate areas of preferential water circulation (Delvigne, 1998) . The kaolinite crystals from the fine material have small sizes (b20 nm) and ill-defined outlines (Fig. 10A) , suggesting a low crystal order (Brindley and Brown, 1980; Grim, 1968) , typical of pedogenic origin (Santos et al., 2004; Singh and Gilkes, 1992; Varajão et al., 2001) . This is also indicated by the smooth diffraction band in the range 20-25°2θ CuKα (Fig. 10B) .
The chemical composition of F7 (Table 1) shows a variable content of SiO 2 and Al 2 O 3 , indicating a variable mineralogical distribution of kaolinite and gibbsite. At the top, the content of SiO 2 is lower than Al 2 O 3 (means of 22.62% and 49.74%, respectively) while on the bottom this relationship is reversed (means of 42.58% and 39.11%, respectively). The Fe 2 O 3 content and TiO 2 content at the top and bottom are similar (Table 1) , and the high standard deviation for these elements reflects their heterogeneous distribution. The mass balance (relative to the composition of F1) shows the enrichment in silica and Ti (Table 2 ). This enrichment is higher at the bottom than at the top. However, the amounts of Fe and Al were reduced. The mass balance calculation of F7 was performed in relation to F1 because, according to Millot and Bonifas (1955) , the analysis of losses and gains should consider the products and their source materials. In this study, the porous bauxite would be the source material, not the anorthosite.
The results suggest that F7 is derived from the geochemical degradation of bauxite facies, in this case, through the resilicification process, as previously described (Bocquier et al., 1982; Boulangé, 1984; Boulangé and Bocquier, 1983; Valenton, 1974; Varajão et al., 1989 Varajão et al., , 1990 . The degradation and resilicification processes occur intensely at the base caused by the oscillation of the water table where the drainage flow is slow, providing saturated conditions, which leads to Si concentration. Towards the top, where drainage conditions are less saturated, the intensification of both processes gradually decreases, preserving fragments of bauxite.
Isalteritic clay facies (F8)
Isalteritic clay facies (F8) are not frequent, and they occur in direct contact with anorthosite (Fig. 2) . Macroscopically, F8 shows a structure similar to that of protoliths with preserved reddish lineations (Fig. 9A) . Mineralogically, F8 is composed of kaolinite (91%), smectite (5%) and goethite (4%) (Fig. 6 ). There is no trace of gibbsite.
Micromorphologically ( Fig. 9B and C), F8 shows a greyish fine material with reticulate striated b-fabric (Bullock et al., 1985) . Red zones are clearly marked, indicating the remains of ferromagnesian minerals. The porous system is characterised by abundant vughs with some connectivity, suggesting an evolution into planar voids. It appears that such vughs occur in areas previously occupied by plagioclases that have been consumed (Bullock et al., 1985) . Under TEM (Fig. 10C) , the kaolinite particle sizes from the fine material are larger (>200 nm) and have more well-defined outlines than the kaolinite particles of the preceding facies (F7), which are smaller and malformed. This is also indicated by the good definition of the XRD pattern in the 20-25°2θ CuKα (Fig. 10D) , suggesting a well-ordered kaolinite (Brindley and Brown, 1980; Grim, 1968) .
The chemical composition (Table 1) (Table 1) . Considering the content of Al and Si in the parent rock, the mass balance of F9 showed losses that are not statistically valid ( Table 2) .
The results suggest that F8 is formed by the direct weathering of anorthosite and is therefore classified as an isalteritic clay.
Pediment deposits
Pediment deposits are formed at the bottom of the hillslopes (Fig. 2) due to the erosion and transportation of the various types of fragmented bauxite.
Discussion
The relationships between the alteration facies, based on their mineralogical, geochemical and micromorphological properties, are presented in Fig. 11 .
The first stage consists in weathering of anorthosite (Oliveira et al., 2011) through the alitisation process, forming the massive porous bauxite (F1). The formation of F1 involved the alteromorphosis of minerals from fresh rock, the loss of alkalis and silica and the relative accumulation of aluminium, generating the isalteritic structure with isovolumetric alteration. It is well known that such a process occurs under hot and very wet weather conditions (Tardy, 1992) . Several studies (Beauvais et al., 2008; Colin et al., 2005; Spier et al., 2006; Tardy et al., 1991; Varajão et al., 2009) , including some using absolute dating and palaeoenvironmental reconstruction by continental drift, have shown that these weather conditions occurred during the Eocene. Such evidence suggests that the F1 facies was formed during the Eocene over a Cretaceous surface ranging from 1300 to 1500 m (Braun, 1971; King, 1956) .
Changes of the F1 facies involved the transfer and accumulation of aluminium rich solutions through the profile and are responsible for the pore-filling by gibbsite, which transformed the F1 facies into semi and compact bauxite facies (F2 and F3) . Modifications of the F1, F2 and F3 facies occurred in two ways: I -root activity formed fragments surrounded by pedogenetic matrix (F5); and II -intense water percolation in the steep slopes promoted the bauxite plates (F4).
Tectonic activity from the Late Eocene to the Oligocene (Riccomini and Assumpção, 1999; Saadi et al., 2005) has reactivated the sub-vertical faults (Fig. 2) , altering the morphology of slopes and creating concavities in the hill. During these periods, less humid conditions led to the mechanical erosion and deposition of the bauxite fragments, forming the pediment deposits (F6).
With the return of humid conditions in the Miocene (Spier et al., 2006; Tardy et al., 1991) , the laterisation process was restarted with the continuity of the facies (F2, F3, F4 and F5) transformations in the protuberant areas of the hill. In the concavities, variations in the hydrological conditions, such as drainage retention and oscillation of the water table, promoted the absolute silica enrichment from the bottom to the top of the profile, causing the geochemical degradation of bauxite and the transformation of the gibbsite into kaolinite (Bocquier et al., 1982; Boulangé, 1984; Boulangé and Bocquier, 1983) , forming the F7 facies. Furthermore, the reincorporation of silica by vegetation decomposition on top of the profile has also been reported as being responsible for the resilicification of bauxites in several deposits (Lucas et al., 1993) . The previous hydrological conditions also modified the type of process in the alteration front, from alitisation to monosialitisation and bisialitisation (Pedro, 1964) , forming isalteritic clays (F8) from the anorthosite.
Under arid conditions in the Pliocene (Tardy et al., 1991) , recent pediment deposits were formed, predominantly through mechanical erosion.
Conclusions
-The different alteration facies identified showed the polygenetic evolution of the Barro Alto bauxite. -The main processes responsible for the evolution of Barro Alto bauxite are: I -transfer and accumulation of aluminium-rich solutions, with crystallisation of gibbsite in voids and the formation of compact facies; II -fragmentation associated with the mechanical activity of roots and water circulation in the slopes; and III -geochemical degradation and the transformation of gibbsite into kaolinite via the resilicification process, from the bottom to the top of the profiles. -The mechanical resistance of the duricrust preserved the landscape responsible for the Cretaceous surface fossilisation. However, the concavities originated by faults modified the hydrological conditions of the profiles, generating changes in the alteration process and the degradation of bauxite facies. -The mineralogical, geochemical and micromorphological characterisation of the facies enabled an understanding of the evolution of the Barro Alto bauxite, revealing the different lithotypes and their distribution in the landscape, which are of fundamental importance for bauxite ore exploitation.
